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The measurement of viscosity is a common and useful technique 
for investigating the mechanical behavior of many real fluids. Theo-
retical interpretations of viscosity l}leasurements have been important 
in attempts to elucidate fundamental properties of the liquid state. 
Brush (6) and Bondi (3) give reviews of the current status of attempts 
to construct theories of liquid viscosity, and it is quite apparent from 
these reviews that the molecular theory of rheological phenomena is 
in its infancy. 
In addition to the fundamental aspects of viscometry, there are 
many practical applications to which viscosity measurements are di-
rected (25). One has on1y to scan the contents of the series edited by 
Eirich (10) to gain an appreciation of the voluminous aspects of prac-
tical rheology. Among the rheological topics discussed in the Eirich 
series are the spinning of synthetic fibers, lubrication and lubricants, 
extrusion molding, and biological fluid tr.ansport. Most of the arti-
cles in applied rheology are concerned with commercially available 
instruments for measurement of viscosity and flow and the general 




The coefficient of viscosity for ideal viscous bodies is the ratio 
of applied shearing stress, ~' to rate of shear, u (25). Figure 1 
and Equation 1-1 represent the differential definition of the coefficient 
of viscosity. The coefficient of. viscosity illustrated here is based on 
simple laminar shear between parallel planes of infinite extent, and is 
usually termed a differential viscosity, r; D' 
no= fJsl8u=osl6 (-dvldz)=S(FIA) I 6(-dvldz), (1-1) 
where -dv ldz is the change in velocity, v, per unit of change in dis-
tance in the z direction and F I A is the applied stress or force, F, per 
unit area, A. T1:is differential viscosity presented in terms of the 
variational o corresponds to the slope at a given point on a stress 
versu~ shear rate curve. The more usual coefficient of viscosity is 
called the apparent viscosity and is derived from the slope of the line 
connecting a particular point on the stress versus shear rate curve 
with the origin. 
z dv 
,--'~- -r~· . ..... ~ ....... -'! 
'.::; s '" F/A---+ ' ... 
..... ~ 
· '--- -·--·- ·-~S}dz 
.............._ . --- ' 
'x 
FIGURE I 
DIFFERENTIAL COEFFICIENT OF VISCOSITY 
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Most of the early viscometers, many of which have been 
incorporated into standard industrial testii1g devices, give single-
point measurements, i.e., only a single point on the flow curve is 
taken from the measurement instead of obtaining the relation between 
shearing stress and rate of shear over a range of values (25). The 
practical rheologist. is interested in having a comprehensive picture 
of the rheological properties of a substance, and, therefore, it is 
important to investigate a wide range of the flow curve, with particu-
la.r emphasis on low rates of shear. 
In a large portion of viscornetric studies, capillary viscometers 
have been used because they are relatively inexpensive and convenient 
(7). The ordinary.capillary viscometers (Ostwald, Gannon-Fenske, 
Ubbelohde, etc.) when used as they were meant to be used, provide 
measurements all made at the same (or very nearly the same) driving 
pressure. They were not designed for use with non- Newtonian liquids, 
with which measurements should be made at a number of different 
driving pressures. Several capillary viscometers have been designed 
for use with non~· Newtonian systems (12) (18) (23) (24). These instru·· 
ments give good results at relatively large shear stresses, e.g. , in· 
-1 
the range of 5-20 dynes em. Most of them are not satisfactory for 
use at low stresses and, hence, cannot provide data for a reliable 
extrapolation to zero stress. This is a serious inadequacy' since it 
is generally accepted that, in the case of such systems as 
non- Newtonian polymer solutions, the quantity of greatest interest 
is the intrinsic viscosity at low shear stress, a quantity that must be 
determined by extrapolation of data obtained at low shear stresses. 
II. CAPILLARY RISE 
The common phenomenon of capillary rise has been utilized in 
simple methods for the determination of the viscosities of micro-
quantities of liquids. Most of the approaches have dealt in consider-
able detail with the theoretical aspects of the dynamics associated 
with capillary rise, but reliable experimental data substantiating the 
theoretical work have been somewhat limited. The equations of 
motion for a liquid rising in a capillary column are often so compli-
cated that, in order to correlate experimentally determined para-:-
meters to the theory, many simplifying assumptions must be made 
concerning the basic nature of the motion of the liquid in the tube 
which may or may not exhibit Poiseuille flow. 
Washburn (26), in considering the capillary rise problem, 
stated that the distance necessary for the establishment of Poiseuille 
flow could be made vanishingly small by choosing a capillary of suf-
ficiently small bore. 
4 
Rense (22) has used a stroboscope and motion picture camera to 
photograph the ascent of water in a capillary tube, and has derived a 
semi-empirical equation for the motion of the liquid in the tube. TI1e 
5 
derivation of this equation is based on the assumption that the 
rise of water in a capillary tube is turbulent; i.e., there are fric-
tional pressure drops which are attributed to variable and incoherent 
resistive forces accompanying the rapidly changing velocity during 
ascent. 
Pickett (20) disagrees with th~ conclusion reached by Rense 
that the rise of water in capillary tubes produces turbulent flow 
because the Reynolds number for the particular system is far too low 
for the occurence of turbulence. Pickett presents a differential equa-
tion for the motion of the liquid which takes into account most of the 
important forces acting on the liquid (capillary, gravitational, vis-
cous, and inertia) and e)..rpresses the solution of his differential equa-
tion in·terms of an asymptotic relation which is valid as the time ap-
proaches zero, and a finite difference equation valid for the time 
greater than zero. However, in order to arrive at the simple asymp-
totical solution, it was necessary for him to assume a zero contact 
angle for the liquid meniscus with the capillary wall. He concludes 
that the rise of Water in a capillary tube ~s in agreement with a theory 
that takes into account surface tension, viscosity, ai1d density of the 
fluid and the corresponding capillary, viscous, gravitational, and 
inertial forces. 
Brittin (5) developed a theory for the dynamics of capillary rise 
by making certain assumptions as to the nature of the motion of the 
6 
liquid in the tube. The most important assumptions were that 
the same forces act on the liquid when it is in an accelerated state of 
motion as when it is in a steady state, that the surface tension is con-
stant, that the angle of contact between the meniscus of the liquid and 
the tube wall is constant, and that the wetting of the tube is not a rate-
determining factor for the motion. This theory leads to a second-
order non-linear differential equation whose solution represents the 
motion of the liquid in the tube. 
The results of a study by Ligenza and Bernstein (16) indicate 
that the rise of a liquid in a fine vertical capillary may be accurately 
represented by the solution to a differential equation of motion in 
which the rate of change of momentum of the contents of the capillary 
·is assumed to be negUgible. In addition, the authors contend that the 
rate of wetting and the rate of assumption of constant (zero) contact 
angle are apparently sufficiently rapid compared with the rate of as-
cent that they need not be considered. As a consequence of these 
simpUfications in both the experimental and theoretical treatments of 
the general problem of liquid rise in fine capillaries, Ligenza and 
Bernstein present the following equation for a rapid and simple method 
of estimating the viscosity of micro-quantities of liquids, 
2 -1 
?] = ~_B__BI [1 nr_g_ \ -h J ' 
ShoO . \hoo h} h00 
(1-2) 
where E_ is the height of the column of liquid at time J:_, _bpo is the final 
equilibrium height attained by the meniscus, R is the radius of the 
capillary, JJ is the viscosity of the liquid, f. is the density of the 
liquid, and g is the gravitational constant. The authors report an 
average deviation in the time required to reach a given height to be 
less than ± 1% except toward th~ en~ of the ascent where deviations 
rose to about ± 2%. 
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Improvising upon the method of Ligenza and Bernstein, DeYoung 
(9) illustrated that a plot of the function 1n [1/(1 - i) - i], where 
i = h/h
00
, against time of rise is linear with a slope equal toR~ gf811bo· 
From this slope one can determine the viscosity. According to 
DeYoung, this method minimizes the deviations observed by Ligenza 
and Bernstein. 
Legrand and Rense (15) present several of the obvious factors 
which. must be considered in a rigorous treatment of the differential 
equation of motion for a liquid rising in a capillary column. These 
include: 
(1) The rise involves a non-steady-state condition, and, 
at least in the earlier stages, is irripulsive. The fact that a 
mass of liquid is in motion below as well as above the opening 
to the capillary must be considered. 
(2) The vital factor in effecting the rise is surface tension. 
However, the question of angle of contact is very pertinent. 
Does this remain constant during the accelerating rise, or does 
it vary in a predictable, regular way? 
(3) The possible presence of turbulence over some of the 
8 
column of liquid cannot be ignored despite low values of 
Reynolds number. We are here dealing with a non-steady-state 
flow and boundary conditions are important. If the meniscus 
assumes a concave shape, how can the upward speed of flow 
be greatest at the center without an adjustment at the boundary? 
Likewise, on entering the tube itself, the liquid must adjust 
suddenly to new condittons of flow, and turbulence may result. 
(4) Viscosity contributes in producing frictional force, 
-----------cnrobablv_j.n_the~same-sens~-as-in-eFElirh'l.cPJ'--sH--e-am-1-iae-f-h:~w·-. -------
~ .&. -- - J 
Slipping along the walls of the tube should be considered. 
Most of the investigators cited above used liquids oflow vis-
cos ity in their studies, and, as a consequence, a rigorous eA.'}Jeri-
:rnental analysis of the dynamic factors in question was precluded. 
Even among those who did study viscous liquids undergoing capillary 
ascent (e.g., DeYoung), no attempt was made to determine whether 
the above factors were important. In fact, from studying the litera-
ture it would seem that the experimental methods utilized would not 
be sensitive to anomalous flow behavior associated with capillary 
rise, even if one had been concerned about these uncertainties. 
III. STATEMENT OF THE PROBLEM 
Utilizing a very simple and inexpensive apparatus, a new meth-
od will be described by which flow curves can be constructed for 
micro-quantities of moderately to highly viscous liquids over rela ·· 
tively wide ranges ·of_shear stress. Four experimentally determined 
quantities are the only parameters need~d to present the precise 
shear stress and rate of shear relationship accompanying capillary 
rise in fine bore glass capillary tubes of various radii. The four 
quantities are the rate of capillary ascent, the final equilibrium 
height of ascent, the liquid density, and the capillary radius. 
An important se.condary contribution from this study concerns 
9 
the fact that the capillary rise rate method reveals that the rate of 
wetting and contact angle constancy are definitely factors which must 
be considered in the capillary rise of viscous liquids. 
CHAPTER II 
METHODS AND DISCUSSION OF RESULTS 
In order to present the shear stress and rate of shear relation-
ships accompanying capillary rise, it is necessary to first consider 
the basic mechanics of capillary flow. For the capillary rise appa-
ratus described in this work, the expression of certain capillary 
parameters assumes special forms. Following a discussion of this 
new and heretofore unreported capillary rise treatment, a statement 
will be made coi1cerning the choice and synthesis of the liquid corn·· 
pounds used in this study. Finally, the experimental results of 
viscosity, surface tension, and density measurements will be pre-
sented with appropriate comments concerning the corresponding flow 
curves. 
I. MECHANICS OF CAPILLARY FLOW-
MATHEMATICAL RELATIONSHIPS 
In discussing the mechanics of flow in capillaries and the subse-
quent derivations, the following conditions are postulated (25 ): (1) the 
flow must be steady; (2) there are no radial and tangential components 
of the velocity; (3) the axial velocity is a function of the distance from 
the axis alone; (4).there is no slippage at the wall; (5) the tube is suf-
ficiently long that end effects are negligible; (6) the fluid is incom-
11 
pressible; (7) there are no external forces; (8) isothermal conditions 
prevail Lhroughout; and (9) viscosity does not change appreciably with 
the change in pressure along the tube. 
Consider a fluid, Newtonian or non- Newtonian, in laminar flow 
in a tube of radius }\, ·and length h,_ with a pressure difference LiP 
between the ends of the capillary, as illustrated in Figure 2. A force 
balance is made on an imaginary cylindrical column of fluid as indi-
cated by the dotted line. For steady laminar flow, the viscous force 
tending to retard flow will be exactly balanced by the force resulting 
from the pressure difference between the two ends. The viscous . 
force tending to keep the cylindrical column from moving is sA = 
s(21(rh), where~ is the shear stress at the cylindrical surface. Tbe 
applied force tending to move the cylindrical column in the direction 
of flow is L\p(11r
2
). These forces must be equal for steady flow, and 
the following expression for the shear stress is obtained: 
s =6prj2h. (2-1) 
The shear stress in a fluid flowing through a capillary is seen to be 
directly proportional to the distance from the center of the capillary 
and to the pressure gradient,L\p/h, regardless of the nature of the 
liquid. The rate of shear also varies with radius, but the mode of 
variation depends on the velocity distribution which, in turn, is 
12 
determined by the nature of the liquid. 
~------~----:---- , ~-
' ..,.__ __ s I 
Ap ___.!,? 
L1 1 I ' 1 2R 
\/_ - :. - - -__ - - ~_:__~ - - - \ ~-' I_· -----------
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--------->--
Direction of Flav 
FIGURE 2 
FORCE BALANCE ON A COLUMN OF FLUID 
FLOWING THROUGH A CAPILLARY 
Since both the shear stress and rate of shear vary with capil-
lary radius, it is essential that the flow curve be constructed by using 
shear stresses and shear rates for the same point in the capillary. 
The shear stress at the wall of the capillary is 
(2-2) 
The rate of shear at the wall is more difficult to determine from ex-
perimental data. For its calculation, a correction is applied to the 
rate of shear which has been calculated from the volumetric flow rate 
of the fluid. 
If the rheological equation of a fluid is known, i.e., the rate of 
shear, cr, as a function of shear stress, s, 
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G= f(s), (2-3) 
a relationship between measurable pressure drop and flow tate can be 
derive,d from Equation 2-1 and Equation 2-3. 
Solution of the expression 
-dv/dr = f(s) (2-4) 
to obtain a true rate of shear at the capillary wall is only possible 
using the postulates mentioned ·previously (25), The derivation, 
developed by Rabinowitsc.h (21) and given by several authors (2), (19), 
begins with an expression for volumetric rate of flow, 
Q ~ JR 21frv(r)dr. 
0 
Upon integration by parts, one obtains 




Since v = 0 at r = R, the first term of the right side of Equation 2-6 
is zero, Since r/R = sr/sR; transformation of the variables in Eqw;t·· 
tion 2-6 gives 




Differentiation with respect to sR leads to 
In order to represent graphically the flow curve for a fluid, 
irrespective of its nature, the shear stress and rate of shear mus_t be<__ ___ _ 
known. The shear stress at the wall is calculated from the relation 
given i.n Equation 2-2 and is general and applicable to any fluid. The 
rate of shear, on the other hand, is more difficult to determine ex-
perimentally. Transforming the second term on the right side of 
Equation 2-8 in such a way that a simpler term is obtained, yields 
(-dvjdr)W . !(4Q/1TR
3
) + !(4Q/ffR3){[d log (4Q/TfR3)]/ 
[d log (6pR/2h)J}. (2-9) 
With the following simplification of terms, 
3 
b = d log (4Q/1fR )/d log (6pR/2h), (2-10) 
the result expressing the rate of shear at the wall of the capillary is 
(-dvjdr)W = [(3 + b)/4] (4Q/!IR3). (2-11) 
The true rate of sh.ear at the wall can be obtained by multiplying the 
apparent rate of shear at the wall based on the volumetric flmv rate, 
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_Q, by a correction factor (3 + b)/1. The number b is obtained as the 
3 slope of a log-log plot of 4Q/TIR versu~ sW = 6pRj2h. For a New-
tonian fluid, the value of b will be unity over a wide range of shear 
stress and the rate of shear is simply described by 4Q/T!'R
3
. 
Equation 2-11 is an entirely general expression irrespective of 
the fluid. If it is found that b is nearly constant over wide ranges of 
shear stress for non- Newtonian fluids, it is generally sufficient to 
obtain one average slope and make all corrections by multiplying a 
constant correction factor. If this is not the case, the slope should 
be taken atgiven shear stresses and the correction factors corre-
sponding to the given slopes applied to each apparent rate of shear. 
Thus it can be seen that primary measurements of the capillary 
radius R, the volume discharge per unit time Q, and the stress at the 
wall of the capillary !!!...w permit the calculation and construction of 
flow curves describing shear rate versus shear stress. 
II. VISCOMETRIC PARAMETERS OF CAPILLARY RISE 
For the capillary rise apparatus employed in this investigation, 
the determination of the shear stress at the capillary wall ~-W' and 
the volume flow rate, Q, take on special forms. For a liquid rising 
in a capillary tube; the driving pressure L\p will be the difference be-
tween the capillary pressure and the pressure due to the weight of 
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the cylindrical column of liquid in the tube. This condition is defined 
by 
~p = (2(cos-8-)/R- pgh, (2-12) 
where. ( is the surface tension, R is the radius of the capillary tube, 
e- is the contact angle of the liquid meniscus with the wall of the cap-
illary tube, _:g is the gravitational constant, h is the height of the liq-
· uid column, and p is the density of the liquid. For a liquid which 
completely wets the wall of the capillary tube, cos-& becomes unity 
and, upon substitution of Equation 2-12 into Equation 2-2, the expres-
sion for stress becomes 
(2-13) 
Substitution of the equivalent expression for surface tension, 
. (2-14) 
where h00 is the final equilibrium height of the liquid column in the 
capillary, into Equation 2-:13 yields the following expression for shear 
stress at the capillary wall: 
s = .6,pR == lp. gR(hoo - h) . 
w . 2h 2 h (2-15) 




Substitution of Equation 2·-16 for the volume flow rate, Q, into 
Equation 2-11 gives the following e~ression for the true rate of shear 
at the capillary wall for liquids undergoing capillary rise: 
(-dvfdr)W = [(3 + b)/R] (dhfdt). (2-17) 
Substitution of Equation 2-16 and 2-15 into Equation 2-10 for the 
volume flow rate and shear stress terms, respectively, yields 
b = d log [(4/R)(dhjdt)]/ d log[~pgR(hoo- h)/h] (2-18) 
and, subsequently, 
b = d log (dhjdt) / d log (hoe - h)/h. (2-19) 
The value of b can therefore be determined from the slope of a 
plot of log (dh/dt) versus log (h= - h)/h .. The value of.!?_ can then be 
introduced into Equation 2-17 in order to obtain the true rate of shear 
at the capillary wall. 
The steps by which flow curves were determined from the cap-
illary rise rate data can be summarized as follows: 
(1) The capillary rise is followed with a cathetometer and 
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time increments 6t are recorded for corresponding height in-
crements 6h. The quotients 6hj6t are then plotted against the 
respective mean heights h~. (Figures 3-17) 
(2) From the smooth curve drawn through the~h/~t versus 
h plot, values of dh/dt are interpolated at selected values of h. 
·values of the term (h
00
- h)/hare also computed at these se--
lected h points. · 
~~~~~~~~~-P-)-~A..-p1Gt~Gf-1Gg-~E1J.::lfE1t-)-ver-sas-le>g._(-h-;;;;-~-hjfh-is-m-ade. 
The term b is obtained from the slope. (Figurefl 19-·30) 
(4) The values of b and dh/dt are introduced into the ex-
pression for the true rate of shear, [(3 + b)/R] (dhfdt), the 
value of which is plotted against the shear stress, 2}gR(hoo -h) 
jh, to yield the flow curve over the range of shear stresses and 
shear rates investigated. (Figures 32-41) . 
III. LIQUIDS STUDIED 
One of the initial objectives of this investigation was to study 
the effect of capillary dimensions on the capillary rise of highly vis-
cous liquids. In order to keep unknown variables at a minimum, an 
attempt was made to use liquids which were extremely viscous, yet 
which were pure chemical compounds of definite composition. A 
majority of the personnel working in this laboratory is involved in 
carbohydrate chemistry and are familiar with the general properties. 
and synthesis techniques for carbohydrate derivatives. It was pointed 
out that octa-0-methyl sucrose and octa-0-propionyl sucrose were 
knowri to be quite viscous and could be prepared relatively easily. 
,..fhe synthesis of octa-0-methyl sucrose was carried out using 
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a procedure similar to that described by Kuhn and Trischmann (14). 
Octa-0-propionyl sucrose was synthesized according to a method re-
ported by Hurd and Gordon (13). Details of the syntheses are de-
scribed in Chapter III. These two liquids provided a fertile area of 
study insofar as there were virtua~ly no data cited in the literature 
reporting viscosity, surface tension, and density determinations as 
functions of temperature for these liquids. 
The 1, 1-Di(alpha-decalyl) hendecane* was chosen on the basis 
of an article reported by Lowitz, et al. ( 17). According to this pub-
lication the P. S. U. 122 was very carefully synthesized and purified 
and possessed a relatively high viscosity. 
The two polystyrene solutions were chosen to illustrate that 
the flow curve determination technique described here would be ap-
plicable for non- Newtonian systems. Solutions with equal concen-
trations of polystyrene in toluene (a "good" solvent) and decalin (a 
"poor" solvent) were studied and compared. 
IV. EXPERIMENTAL RESULTS 
The following tables summarize the densities, surface ten-
sions, and apparent viscosities obtained from the data collected in this 
*The sample designation for 1, 1-Di(alpha-decalyl) hendecane 
used by. the American Petroleum Project 42 is P. S . U. 122 . 
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investigation. The densities were obtained using the specific gravity 
pipet method described in Chapter III. The surface tensions were 
determined using the capillary rise values in the following expression: 
(2- 20) 
The viscosities were determined from the respective flow curvE;s. 
The diagrams following the tables show for the various liquids the 
curves 6hj.6t vs. h, log (dhjdt) vs. log (h oa- h)/h, and finally the 
rate of shear vs .. shear stress flow curves. 
The experimental errors in the three properities determined 
are: density, ±1%; surface tension, ±2%; and viscosity, ±3%. 
TABLE I 
DENSITY, SURFACE TENSION, AND VISCOSITY 
OF OCTA-0-METHYL SUCROSE 
t, oc so 20° 40° 60° 80° 
p, gms. em. -3 1.248 1.227 1.197 1.168 1.142 
f, dynes em. -1 35.0 32.8 30.8 28.9 26.9 
r;, centipoises 6,670 1,160 154 45.6 19.3 
A 
TABLE II 
DENSITY, SURFACE TENSION., AND VISCOSITY 
OF OCT A- 0- PROPIONYL SUCROSE . 
[i:oc · 20° . 55° 70° 85° J I __f>_ gms. cm.-3 . 1.236 1.18;~161-.· -· ~36 -~~- I 
-------1- -1 
( , dynes em. 31. 5 27. 3 25. 8 24. 6 




DENSITY, SURF ACE TENSION, AND VISCOSITY 
OF 1,1-DI(ALPHA-DECALYL) HENDECANE 
·---. ... ----
so 10° 60° 
-3 
0.9408 0. 9376 0.9067 P' gms. em. 
r' dynes em. -1 32.3 31.6 27.9 
'Y)., eentipoises 77,300 32,900 110 ,.., 
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TABLE IV 
DENSITY, SURFACE TENSION, AND VISCOSITY 
OF POLYSTYRENE SOLUTIONS AT 30°C 
(M.W. = 1.8 X 106 ) 
22 
I ,-- SO~Y_EN:: __ -·--J 
---'--------1'-------~-·-; C=: J. ebtJ-E-N-E-r·· BEet~:-1::~-r-N--~-_,- ~--~:------
(4 gm.j100 cc.) (4 gm/100 cc.) 
0.911 
-3 
0.848 f' gm. em. 
r, dynes em. -1 24.7 29.0 
r;A' centipois es 133-174 209 ·-------
Rate of Rise Curves ~h/6t vs. h) 
Figures 3-17 represent the rate of rise curves obtained for the 
liquids used in :this study. These diagrams depict data obtained at 
several temperatures, as well as with capillaries of different bore 
dimensions. 
In the early portions of the ascent the velocity is rapid due to 
the high shear stress (low height, h, values) but continually deceler-
ates as the shear stress becomes less (increased height, h, values). 
Figures 3-6, 12, 16 and 17 depict the capillary rise rate mea-
surements where duplicate experimental data (darkened symbols) are 
included. From_ th~se diagrams it can be seen that it is possible to 





















Log-log Plots [log (dh/dt) vs. log (hoo - h)/lU 
One of the most interesting aspects of this investigation pertains 
to the log-log plots (Figures 19-30) in which a determination of the 
rate of shear correction factor b was made. In some cases the slope 
of the log-log plot was not unity, and in many cases portions of the 
log-log plot were not linear. For Newtonian liquids undergoing 
smooth laminar flow the value of b should be unity. The case in which 
b>1 represents pseudoplastic flow and the corresponding flow curve 
bends toward the rate of shear axis (25). Dilatant flow behavior is 
generally indicated where b<1. Such a flow curve bends toward the 































In the analysis of the capillary rise phenomenon, the signifi-
cance of the log-log plot takes on a unique character. TI1e results of 
this investigation indicate that departures from unity or linearity for 
capillary rise flow at low heights, h, are attributable to a. time lag in 
the attainment of a zero-contact angle. In other words, the rate of 
wetting is slower than the rate of capillary ascent. A flattening of 
the meniscus would yield contact angles greater than zero and, hence, 
it would be necessary to include the cos-& term in Equation 2-12, 
6p ~ (2 (cosB)/R -pgh. 
Inclusion of the cos-& term would subsequently lead to the following 
expression for the shear stress at the capillary wall 
· _A R/2h = .lf R hoocose-- h sw-LJP. • - 2 g h (2- 20) 
Now it ci:m be seen that for cases in which the capillary wall was not 
completely wetted and the contact angle was greater than zero, cos-& I 
would be less than unity c.tnd would yield a stress less than that calcu- I 
lated on the assumption of zero contact angle attainment. In other 
words, for a given rate of shear the "observed" shear stress Would 
appear greater than the true shear stress. As the rise proceeds, the 
ascent becomes slower and the contact angle decreases. Consequently, 
as the high shear stresses become smaner' the "'observed" shear . 
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stress comes closer to the true shear stress. This means the region 
of the flow curves that is derived from low h values (high6h/D.t) 
resembles flmv curves of dilatant materials (Figure 31). 
• F~=- ~r:_.~~:~u_:.~-~-, -~·-·l 
---------,,~.-- _ ob::.<:::1.veu ... l.l>'-''· , ,-·--------1------------
. curve "' 




"Observed Sheat Stress -> 
FIGURE 31 
FLOW-CURVE DEVIATION DUE TO 
INSUFFICIENT WETTING DURING 
CAPILLARY RISE 
With several of the liquids studied the slope ·of the log-log plot 
was unity or near unity except in the early portions of the capillary 
rise (high shear stresses) where the slope bent and became less than. 
unity (Figures 19, 23, 24, 26 and 27). This was attributed to the slow 
rate of wetting factor just discussed. Justification of this premise is 
based on the· results obtained with acta- 0-propionyl sucrose at 20.0° C. 
The capillary rise in the largest avaiiable capillary (R= 10.67 X 10-3 
em. ) was observed for a dry capillary and also in the case where the 
capillary was pr~-wetted (Figures 7 and 23). In the case where there 
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was no pre-vvetting there was a definite bending of the slope toward 
less-than-unity values at the higher stresses. However, pre-wetting 
of the capillary eliminated virtually all curvature in the high shear 
stress diagram. Further substantiation of the slow wetting rate 
phenomenon was based on the obseryation that departures from lin-
earity in the log-log plots decreased with capillaries of smaller radii. 
Examples of this can be seen from the log-log plots of oct a- 0-pro-
pionyl sucrose at 20.0°C and 55.0°C and·of P.S.U. 122 at 5.0°.C 
(Figures 23, 24 and 26)." 
Flow Curves {[(3 + b)/R] (dhjdt) vs. !P~[(hoa - h)/h]} 
Figures 32-41.represent the flow curves for the liquids studied 
at various temperatures. These flow curves were constructed using 
the rate of rise data, dh/ dt, taken from Figures 3-17 and the cor-
responding values of b, d log (dh/dt)/cl log [(hoo -h)/h] , taken from 
Figures 19-30. All of the experimental and calculated data are pre:-
sent eel in tabular form in the Appendix. 
The flow curves for octa-0-methyl_sucrose over the temperature 
range studies (Figures 32-34) are quite straightforw-ard. Except for 
the wetting problem in the early portion of the capillary rise at 5. 0° C 
(Figure 19), the flow curve construction and viscosity determination 





















Even though the log-log plot may be linear with a slope of unity, 
it doesn't necessarily indicate zero contact angle attainment. It 
means only that the contact angle is constant. In most cases the log-
log plot involving the largest capill~ry (R = 10.67 X 10-3 em.) gives 
a linear slope close to unity, yet the corresponding flow curve yields 
a: viscosity higher than that obtained by the other two capillaries. 
Figures 35, 36, 38 and 39 illustrate this observation. In the case of 
octa-0-propionyl sucrose at 55 .0°C (Figure 36) this increase in the 
viscosity amounts to about 60% over that obtained with the other two 
capillaries. · Assuming a zero- contact angle for the capillary rise in 
the tWO Sinaller capillaries, the contact angle in the large capillary . . 
can be estimated by equating the coinplete expression for shear stress, 
_ If R hoocos-8- - h sw- 2 g h ' (2- 21) 
to the shear stress of the smaller capillaries at a given rate of shear. 
When this operation was carried out for the above example, a contact 
angle of 42-47° was obtained over the stress range of 7-21 dynes 
-2 
em. 
For octa-0-propionyl sucrose at 20.0°C (Figure 35) the vis-
cosity depicted by the flow curve of the large capillary is about 27% 
greater than that obtained from the data of the two smaller capillaries, 
and this amounts to a calculated contact angle of 31-34 o over the stress 
-2 
range of 2L1- 58 dynes em. 
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The same treatment can be applied to the P. S. U. 122 at 10. 0°C 
(Figure 38) and 60.0°C (Figure 39). ·At 10.0°C the deviation in vis-
cosity in the large capillary is 28%, and corresponds to an estimated 
. -2 
contact angle of 36-38° over the stress range of 20-40 dynes em. 
At 60.0° C the deviation in viscosity is 18%, whereupon the contact 
angle is calculated to be 19-23° over the stress range of 3-11 dynes 
-2 
em. 
Compared to the stress ranges of often several 100%, these 
contact angle variations correspm1d to stress changes of only a few 
percent. Thus, it is easy to see that a contact angle, different from 
zero, can stay constant over an extended range of shear stress. · In 
this connectim)., Elliot and Riddiford (11) also find advancing contact 
angles to be independent of velocity at low velocity. 
Is the assumption of zero contact angle for the smaller capil-
laries justified? It should be pointed out that there are about equal 
differences between the bores of the three capillaries used. Yet, the 
differences in the flow curves for the two smaller capillaries are well 
within the experimental error of the measurements . From this it can 
be safely concluded that a limit is reached here, at which the vis-
cosity and the flow 'Cu.rve determinations become independent of the 
dimensions of the apparatus. Since the rate of rise becomes smaller 
I 
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with smaller bore, there is relatively more time for the wetting pro-
cess to take place and the contact angle will become smaller and, for 
very small capillaries, zero (26). Obviously, this limit was reached 
for the two smallest capillaries. 
Var~ous aspects of the slow rate of wetting have already been 
discussed for the case of octa:..O-propionyl sucrose at 20.0° and 
55.0° C. However, further examination of the log-log diagram at 
20.0° C (Figure 23) reveals that the plot is.§_- shaped. That is, in 
the high stress region the slope is less than unity and- becomes unity 
in the intermediate stress range. Then the slope again becomes less 
than unity in the lower stress region. This second departure from 
unity at lower stresses corresponds to true dilatant flow behavior, 
the effect of which is revealed in the flow curves at 20. 0°C (Figure 
35). These flow curves tend to bend toward the stress axis at low 
shear stresses, but become linear in the intermediate stress region 
(where b = 1). It is interesting to note that the linear portions of the 
flow curves do pass through the origin of the axes. These linear 
portions are in the uppermost part of the flow curve of Figure 35. The 
"pseudodilatant" behavior due to the wetting effect is a systematic 
experimental error and is not included in any of the flow curves. 
Since the true dilatant flow behavior is generally associated with 
dispersed-phase systems, it becomes interesting to speculate about 
I 
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the nature of such dilatant flow behavior in a typically homogeneous 
material as octa-- 0-propionyl sucrose. At this point, the most 
logical explanation would seem to ii1volve the fact that octa-0-pro-
pionyl sucrose. is supercooled at 20° C. The syrup did finally crystal-
lize after a period of t~n months to give a product having a melting 
point of 44.0-45. 5o C. This melting point agrees with that reported 
in the literature (13). Perhaps the molecular aggregations of a st,Iper-
cooled liquid of such high viscosity bestow anomalous flow properties 
to the behavior of the liquid. 
TI1e flow curves of P. S. U. 122 (Figures 3 8-39) have already 
been discussed with regard to contact angle constancy and wetting 
rate. The viscosity at 60.0° C can be compared to that obtained from 
the literature. Lowitz, et al. (17) report a viscosity of 121 centi-
poises at 60. o~c for p. s. u. 122' whereas the viscosity determined as 
a result of this experimental method is 110 centipoises. This amounts 
to a relative deviation of about 10%. It is most probable that the par-
ticular sample of P.S :u. 122 used in this study did not come from the 
same batch as that reported in the literature. 1,1-Di(alpha-decalyl)-
hendecane is a mixture of stereo isomers and, therefore, subject to 
variation in physical properties depending on the particular sample 
prepared. 
Rate of rise measurements were .conducted on two polystyrene 




for determining flow curves of non- Newtonian, pseudoplastic materi-
als. Figure 40 depicts the flow curve for a solution of polystyrene in 
toluene ( 4 gms . /100 em. 
3
). The corresponding log-log plot (Figure 
29) gives a slope of 1. 15 and is, therfore, typically pseucloplastic. 
Close inspection of the flow curve reveals that the curve bends to-
ward the rate of shear axis, and the apparent viscosities ral:1ge from 
17 4 centipois es at a stress of 0. 20 dynes em. - 2 to 133 centipois es at 
-2 ~ ~ ~ 
2. 40 dynes em. In contrast, the flow curve for an equal cone en-
tration of polystyrene in decalin (Figure 41) is Newtonian and is ex-
plainable on the basis that decalin is 0. poor solvent; the polymer 
chains do not unravel and interact with each other as they would in 






The experimental apparatus used to determine the flow curves of 
viscous liquids from capillary rise rate measurements is illustrated 
in Figure 42. 1l1e major components of this system include·: 
(1) Liebig condenser serving as a constant-temperature jacket, 
(2) Haake,. Type Fe, constant temperature circulating bath 
capable of maintaining constant tempeni.tures to± 0.02°C, 
(3) small test tube containing approximately 1 ml. of the 
liquid to be investigated, · 
(4) glass capillary tube, 
(S) Gaertner cathetometer, serial number 192SA, capable of 
± 0.005 em. precision, and 
(6) two stopwatches graduated in one-tenth seconds. 
· In order that adequate reproducibility be achieved in the rate of 
rise measurements, it is imperative that the capillary walls be ex-
tremely clean and free of absorbed matter. The cleaning procedure 
adopted was similar to that gtven by Davis and Rideal (8). Utilizing 
this method, the glass surface to be cleaned was soaked in warm 
chromic acid solution for periods of time ranging from one hour to 
overnight. The capillary surface was then thoroughly rinsed with 




capillary was then rinsed with large quantities of distilled water, after 
which a stream of dry gas (nitrogen or oxygen) was passed through the 
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I. DETERMINATION OF EXPERIMENTAL PARAMETERS 
Determination of four experimental quantities enables one to 
construct a flow curve for a liquid at a given temperature. These 
four quantities are: the rate of capillary rise, dh/dt; the capillary 
equilibrium height , h~ ;_:_the_liq_uid-dens-it-y-,-P-T--aHa-tl1e-e-api-1-I-a-ry-radi-
us, R. 
Rate of Capillary Rise 
The carefully cleaned and drieq capillary is inserted into the 
test tube and constant temperature assembly, and 30-40 minutes are 
allowed for complete temperature equilibrium. The end of the cap-
illary is then touched to the surface of the liquid as one of the stop-
watches is started. The cathetometer is raised a small hel.ght 
increment and as the liquid meniscus passes the horizontal hairline of 
the cathetometer eyepiece, the first stopwatch is stopped and the sec-
ond one is simultaneously started. The cathetomether is then raised 
anqther increment and the process is repeated. This whole procedure 
is repeated throughout the desired extent of capillary rise. The time 
increments, D!_, are recorded for the corresponding height incre-
ments, 6E.. The quotients, Dhj6t, are then calculated and plotted 
against the respectiv~ mean heights, h. After the best smoothed curve 
is drawn through the eA.lJerimental points, values of the quantity dh/dt 
i 
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are interpolated from the curve at selected values of h. 
The average deviation of the experimental points, 6hj6t, from 
the smoothed curve in the rate of rise curves amounts to about 1-2%. 
Capillary Equilibrium Height 
-------~Th~e~finaLe_q_uilibritun_heigJJ.t-fm"-th&-1a-1"-ge-r-&a~ill-ocF-y-vv~as-deter 
mined by first drawing the liquid meniscus by slight suction well a-
bove the anticipated equilibrium height and allowing it to descend to 
its equilibrium position. Light pressure was then applied to force 
the liquid meniscus slightly below its equilibrium position, allowing 
it to ascend to its equi~ibrium position. The final equilibrium height. 
is taken as the average between the descending and ascending equili-
brium positions. In most cases the difference between ascending and 
descending positions was negligible. The equilibrium heights for the 
capillaries of smaller radius were determined mathematically from 
the relationship, which is valid for constant temperature, 
hoolRl 







are the eA'J)erimentally determined equilibrium height 
and radius, respectively, of the larger capillary and h= and R
2 
are 
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The densities of the liquids utilized in this investigation were 
determined by a method described by Alber (1) which makes use of a 
centigram specific gravity'pipet. The specific gravity pipet used ~n 
this work was obtained from the Arthur H. Thon1as Company, Phil a-
delphia, Pa. The specific gravity pipet consists of a soft glass tube 
with tight- fitting ground caps placed ove~ each eri.d to prevent spillage or 
loss by evaporation. The centigram pipet has been designed with a 
I 
bore of approximately 1 ·mm. and is intended for use with highly 
viscous liquids. The pipet has an outer diameter of S mm. and an 
overall length of 120 mm. It is calibrated in 1--:mm. intervals with 
the first mark just above the ground joint, about 20 mm. from the 
tip. The calibration of the pipet was carried out by drawing mercury 
threads to various graduation marks and expelling the mercury into 
tared weighing bottles. From the weight and density of the mercury, 
the volume per division mark could be calculated. -An average value 
of 0. 81 cu. mm. per division was obtainE;d for the pipet used in this 
work. 
In operation, the liquid whose density is to be determined is 
kept in a test tube in a thermostatically controlled bath; after being 
weighed on an ordinary single pan analytical balance (sensitivity 0.1 
mg.), the pipet, with the rubber tubing attached to the upper end, is 
I 
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placed in the test tube. About 30 minutes is sufficient time to acquire 
the temperature of the bath. By means of suction the liquid is drawn 
to one of the marks, and the pipet is taken out of the test tube and 
immediately brought to a horizontal position; the free tip is then 
quickly cleaned from adhering liquid with a piece of lint less cloth. 
The reading of the meniscus is carefully taken, at least to about one-
quarter division. The first cap is fitted slowly to the end of the pip-
et, so that the ]iquid column is not pressed too far to the other end; 
after removal of the rubber tubing the second cap is adjusted. The 
· pipet is placed on the pan of the balance, and after about 10 minutes 
weighed. This procedure is repeated for other marks and an average 
density is calculated. The pipet should be handled with forceps or 
surgical gloves . 
The major error in the micropipet method is caused when the 
meniscus of the liquid in the capillary is read inaccurately. This 
inaccuracy can be minimized by practice and use of a low-power I 
lens. The accuracy of the centigram pipet is generally about 10 p. p. t. I 
Capillary ~adius 
The capillary radii were determined by drawing a thread of mer-
cury into the capillary column, measuring the length of the column 
with a cathetometer, and expelling the mercury into a tared weighing 
75 
bottle. From the vveight, density, and length of the mercury column, 
the radius of the capillary bore could be determined. At least five 
determinations were made for each of the capillaries used and an · 
average radius was calculated. The average deviation for the deter-
mination of the radius ·ranged from 1% for the large capillary to 2% 
for the smallest capillary. 
II. LIQUIDS 
Four liquids were studied in this investigation, representing a 
wide range of viscosities and flow behaviors. These liquids included 
octa-0-methyl sucrose, octa-0-propionyl sucrose, 1,1-Di(alpha-
decalyl)- hendecane, and two polystyrene solutions. 
Octa-0-methyl Sucrose 
. -2 
Sucrose, 8 grams (1. 6 X 10 moles), was dissolved in 200 ml. 
of N, N- Dimethylformamide (DMF). An excess of 16 mi. of methyl 
I iodide, 80 grams of barium oxide, and 4 grams of barium hydroxide 
octahydrate were added to the solution. The mixture was shaken for 
four days and then filtered. The precipitate was washed with 10 mi. 
of DMF, and the combined filtrates were poured into an equal volume 
of cool, distilled water. The product was extracted with 90 mi. of 
chloroform (3 X 30 ml.). The chloroform layer was washed with 
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water and dried over anhydrous sodium sulfate. The chloroform was 
then distilled in _yacuo leaving a pale- yellow syrup. This syrupy pro-
duct was further distilled at 165°C (0.075 mm.). The product re-
suiting from this last distillation was subjected to further methylation 
by dissolving it in 20 nil. of DMF. To this solution was added 1. 5 ml. 
of methyl iodide, 6 grams of barium oxide, and 0.3 grains of barium 
hydroxide. The mixture was stirred for 48 hours, afterwhich an 
additional 1. 5 ml. of methyl iodide, six grams of barium oxid~, and 
0.3 grams of barium hydroxide were added to the mixture~ This 
mixture was stirred for 48 more hours, afterwhich an additional 150 
ml. of DMF, 1. 5 ml. of methyl iodide, 6 grams of barium oxide, and 
0. 3 grams of barium hydroxide were added to the mixture. The mix-
ture was stirred for 24. hours, after which a final addition of 1 . 5 ml. 
of methyl iodide, six grams of barium oxide, and 0.3 grams of barium 
hydroxide was made to the solution. The mixture was stirred for 24 
hours and filtered. The washing and extracting procedures were the 
same as that preceding the first methylation step above. After the 
chloroform was distilled in vacuo the syrupy product was distilled 
under 0. 035-:0.040 mm. Two constant- boiling fractions were collected 
at 145°C and 160°C, respectively. The fraction boiling at 145°C was 
subjected to a secml.d distillation. This operation gave 3. 5 grams 
(48%) of a syrup boiling at 145-47°C (0.040 mm.). 
[ o<J25 ° 22 D = +70.4 (c = 3. 5, methanol). nD = 
et al. (4) report b.p. = 1l5°C (0 .001 mm.), 
1.4566. Bredereck, 
[ o< J ~0 = +70.1 ° 
20 
(methanol), and nD = 1.4560 for octa-0-methyl sucrose. 
Octa-0-propionyl Sucrose 
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ml. of pyridine. An excess of 75 ml. of propionic anhydride was 
added to the solution. The solution was shaken for 72 hours, poured 
into cold, dilute hydrochloric acid, and the product was extracted 
with 500 ml. of .dichloromethane. The dichloromethane layer was 
washed with 400 ml. of 0. 5 N hydrochloric acid (4 X 100 ml.), fol.,. 
lowed by three successive washings with equal volumes of distilled 
water. The dichloromethane layer was then washed with 400 ml. of 
5% potassium bicarbonate (4 X 100 ml. ), followed by three more 
successive washes with distilled water. The dichloromethane layer 
was dried over magnesium sulfate, stirred, and filtered. The di-
chloromethane was distilled in vacuo. The syrup was further dis-
tilled under 0. 070 mm. with a constant boiling fraction being col-
lected at 266-7 4 ° C. A second distillation of the collected product 
yielded a syrup boiling at 265-67°C (0.065 mm.). [cx]~8=+ 53.4° 
(c = 4, chloroform).' n~1 = 1.4668. After a 10-month period, the 
syrup crystallized to give a white crystalline material melting at 
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44.0-45.5°C. The melting point reported in the literature (13) is 
1,1- Di(alpha-decalyl)- Hendecane 
A small sample (approximately 2 ml.) of 1,1- Di(alpha-decalyl)-
Institute Project 42, oepartment of Chemistry, The Pennsylvania State 
University, University Park, Pa. The viscosities and densities of the 
liquid over a wide range of temperatures and ·pressures are reported 
in the literature by Lowitz, et al. (17). 
Polystyrene Solutions 
A 10 gram sample of polystyrene possessing a nominal mole-
cular weight of 1. 8 X 10
6 
and a M /M ratio of less than 1. 2 was w n 
obtained from the Pressure Chemical Company, 3419-25 Smallman 
Street, Pittsburgh, Pa. The various polystyrene solutions used in 
this study were prepared by adding a weighed quantity of the polysty-
rene material to the particular solvent, ~nd allowing the dissolution 
of the sample to occur by stirring overnight. 
CHAPTER IV 
SUMMARY 
A new method has been proposed by which flow curves can be 
determined over wide ranges of shear stress for micro-·quantities of 
m-o-dBTan~-Iy-to nigl:fly viscous Hquias.-The method incorporates a 
. \ 
modification of the Rabinowitsch (20) derivation for the true rate of 
shear at a capillary wall. According to the Rabinowitsch expression, 
the true :tate of shear at the capillary wall can be obtained by multi"" 
plying the apparent rate of shear at the wall based on the volumetric 
flow rate, Q, by a correction factor, (3 + b)/4. The number b is 
obtained as the slope of a log-log plot of the apparent rate of shear 
versus the shear stress at the wall, i.e., log 4Q/1fR3 versus log 
6pRj2h, where B. and h are the capillary radius and length, respec-
tively, and6p is the pressure difference across opposite ends of the 
capillary. 
For a liquid undergoing flow due to the action of capillary rise, 
the log-log plot in the Rabinowitsch development can be simplified to 
give b as the slope of log dhjdt versus log (h
00
- h)/h, where dh/dt 
is the velocity of flow at height h, and h
00 
is the final equilibrium 
height. The true r~te of shear at the capillary wall is then e:xpressed 
as· [(3 + ·b)/R] (dhjdt) and the shear stress at the capillary wall as 
80 
sW = !pgR [(h
00 
- h)/h] . A knowledge of the eA'Perimental quantities, 
rate of rise6h/ ~t, final equilibrium height h , liquid density p, and _oo -
capillary radius R enables one to calculate the true rate of shear and 
shear stress relationships and to construct the corresponding flow curve. 
This technique has been used with capillaries of different radii 
to construct flow curves at various temperatures for the following 
liquids: octa-0-methyl sucrose, octa-0-propionyl sucrose, 1,1-Di-
(alpha-decalyl) hendecane, and two solutions of polystyrene. The 
densities, surface tensions, and viscosities of these liquids at various 
temperatures have also been determined and reported. 
The log-· log treatment of the capillary rise rate data indicated 
that the contact angle constancy and rate of wetting are factors which 
must be considered in such an experimental technique. Progressively 
larger deviations from unity and linearity in the slope of the log-log 
plots are observed as the capillary bore becomes larger and, also, 
as the shear stress increases. These deviations can be attributed to 
the fact that the rate of wetting under these conditions is slow in com-
paris on to the rate of capillary ascent. Consequently, it has been 
shown that pre·- wetting the capillary wall eliminated these deviations 
in the log-log plot and that am~:mg unwetted capillaries, these devia-
tions become less important when very small- bore capillaries are 
employed. In addition, one is able to distinguish true dilatant and 
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pseudoplastic flow behavior in the region of small to moderate shear 
stresses. 
Another deviation can only be observed in the flow curves. If 
the contact angle is different from zero, but constant over a wide 
range of shear stress,· the log-log plot will be linear with a slope of 
unity. However, the viscosity calculated from the flow curves under 
these conditions is higher than that obtained from the smaller bore 
capillaries. This difference attributable to capillary dimensions 
can be used to ca~culate contact angles under kinetic conditions. 
The capillary rise rate technique described here is applicable 
for determining the flow curves of micro-quantities of Newtonian as 
well as non- Newtonian viscous liquids. It is a simple and inexpensive 
method for studying multiple point viscometry and, thus should appeal 
to the experimental rheologist. 
Furthermore, the method appears to offer an eh.'}Jerimental 
means by which one can investigate the problems of contact angle 
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RATE OF RISE AT 5°C 
OCTA-0-NETHYL SUCROSE 
~3 
R = 2.61 X 10 em. 
b.h/L'lt h 
-.$ -1 10 em. sec. em. 
0.390 0.415 













































































































TABLE VI 87 
\ 
RATE OF RISE AT 20°C 
OCTA-0-t-ETHYL SUCROSE 
R "" 5.07 X 
-3 10 em. 
h t:;,.h/At h Ah/b.t 
-"' ~1 -5 . .;.1 ern. 10 J em. sec. em • 10 em, sec. ____ .,. __ ..._ _______ , __ _.., ... , .. ___ ,,... ... ___ .. ._. ___ 
o. 600 o. 740 
0.725 275.5 0. 8l,O 422.7 
0.850 0.940 
0.975 336.0 1. 040 323.3 
1.100 1.140 
l. 350 236.0 1.240 269.9 
1.600 1.340 
1.675 180.2 1.440 223.9 
1. 7 50 1.540 
1. 850 163.1 1.640 206.3 
1. 950 1.740 
2.050 143.8 1. 8!+0 166.1 
2. 150 2. OL:.O 
2.250 126. 7 2.240 135.3 
2.350 2. 3!+0 
2.450 11L,.8 2 .4.!~0 116.8 
2.550 2. St+O 
2o650 102.8 2.690 103.3 
2.750 2.840 
2.850 89.8 3.040 86.5 
2.950 3. 2L,o 
3.050 82.9 3. 3!}0 65.2 
3. 150 3,M}O 
3. 250 75.3 3. 5lf0 61.6 
3.400 3.640 
3.550 63.9 . 3.890 49.3 
3.700 4. lL10 
3.850 56.0 4.290 . 45.7 
3. 950 4. 315 
4.050 51.5 4.%0 45.6 
4. 150 4. 365 
Lf. 2 50 L,2. 5 
4.350 
TABLE VII 88 
RATE OF RISE AT 40° C · 
OC.TA-0-NETHYL SUCROSE 
R ::. 5.07 X .. 3 10 em. 
h Ah/D..t h b..h/Dl:. 
10-4 -1 ~I+ -1 em. em. sec. em. 10 ern. sec. --- _ ..._, ___ ._ ... -... .. -.. .. -~-
2.580 2.600 
2.830 63o6 .2. 850 6L~. 1 
.... 6&0 3--;Tl 0 
3.330 51. 1 3. 350 50.8 
3.580 3.600 
3~830 ld.4 3.700 t~5. 1 
4.080 30800 
4.330 33.9 3.950 38.8 
4. 580 4. 100 
L~. 780 28 .. 8 t+. 250 35.7 
4.980 lf,400 
5.180 2L~. 9 !+. 600 31.1 
5. 380 4.800 
5.~,80 22.3 4.900 28~7 
5.580 5.000 
5,.680 20.8 5_100 25,3 
s. 780 5.200 
5.880 19.2 5.300 23.7 
5.980 5.Lf00 
6.080 17.6 5. 500 22.4 
6.180 5.600 
6.280 16.2 5.700 20.8 
6.380 5.800 ~ .. 
6 .lf80 15,3 5.900 19.3 
6. 580 6.000 
6.100 18,0 
6.200 
6.300 17 .Lf 
6.Lf00 
6. 500 . 15,8 
6.600 
TABLE VIII 89 
RATE OF RISE AT Lf0° C 
OCTA-0-~1ETHYL SUCROSE 
R"" 2.61 X -3 10 em. 
h Ah/~t h 6,h/D.t 
-4 -1 -lf -1 em. .!2..-~~~~- ·"em.,"·~· 10_ .. cmP .. s.~c • · .. -·-.. ....-~ -..... ....-... ~... ,_,_. ...~,..,....;..,.. 
1. 580 1. 520 
1.730 66.2 L.J_20 6_8+8 
1.880 1.920 
2.080 71.0 2. 1.20 55.4 
2.280 2.320 
2.880 38.4 2. 520 45. 7 
3.480 2. 720 
3.680 28.8 2.920 38.5 
3.880 3.120 
4.080 25.9 3.320 33.6 
4.280 3.lf70 
l~Q480 22.8 3.620 30.7 
4.680 3. 770 
4.880 20.4 3. 9li-5 27.0 
s.oso t •• 120 
5.280 18. !f 4.320 24.4 
5.480 4. 520 
5.680 16. 6 4. 720 22.0 
5.880 4.920 
6.080 15.2 5. 120 19.5 
6.280 5.320 
6.480 13.8 5. 520 17.7 



































RATE OF RISE AT 60°C 
OCTJ\-O·~iviETHYL SUCROSE 
R - 2.61 X -3 10 em. 
bh/D.t h 6.h /b,.t 
-4 -1 -4 -1 1 o __ _.£.\fu_~~~s __ em. __ 10 ern • sec. ----------·---
1. 510 
189.4 .-'-L6_0 2.1_2_.1f 
2.010 
143.6 2.260 157. 2 
2.510 
116.0 2.760 123.8 
3. 010 
96.7 3.260 103.9 
3. 510 
82.7 3.760 87.0 
4.010 
70.lf 4. 595 63.8 
s. 180 
61.7 5.380 ss. 6 
5.630 
Slf. 7 5.880 50.5 
6. 130 
47.6 6.380 43.4 
6.630 
42.7 6.880 39.6 
7. 130 
37.6 7.380 34.7 
7.630 
































RATE OF RISE AT 80°C 
OCTA-O~.NE1HYL SUCROSE 
..;3 
R ~. 2.61 X 10 em. 
Ah/6t h 






192.3 4. 575 
4.920 
166. 1 5.170 
5.420 
145. {.j. 5. 670 
5. 920 





















































RATE OF RISE AT 20°C 
OCTA-0-PROPIONYL SUCROSE 
R = 10.67 X 10~ 3 em. 
(Pre-wetted) 
6h/6t h bh/At 
-1 -6 -1 em. sec. em. .!.Q__s;_m_. ~~--
0.060 
9 5.4 0.090 130.3 
o. 120 
81.4 o. 150 89 .L!. 
o. 180 
70.6 0.210 58.6 
0. 2Lf0 
58.0 0.270 44.9 
0,300 
44.0 0.330 41.8 
o. 360 
35.0 0.390 31. 1 
0.420 
27.3 0.1-+75 25.3 
o. 530 











RATE OF RISE AT 20°C 
OCTA-0-PROPIONYL SUCROSE 
R == 5.07 X -3 2. 61. X 10-3 em. 10 em. R "" 
h [:).h/6t h 1::1h/~t 
-6 . -1 -6 -1 em. 10 em. sec. em. 10 em. sec. 
""""---=---.:--~--=-... -· 
06060 0.100 
0.070 10J. 0 o. 110 34. 1 
0.080 o. 120 
0.090 76.3 0.130 29. l 
0.100 o. 140 
o. u~o 53. 1 o. 150 27.6 
0.180 o. 160 
o. 190 41.8 o. 170 23.4 
0.200 0.180 
0.220 35.9 0.200 21.5 
o. 24.0 0.220 
0.260 31.6 0.230 20.3 
o. 280 0. 2lf0 
0.310 25. 1 o. 250 16.3 
0.340 o. 260 
0.360 23.3 o. 340 11.4 
0.380 0.420 
0.390 25.3 0.455 8. 1 
0.400 0.490 
0.410 22.8 0.640 6.4 
0.420 o. 790 
0.430 20.6 0.800 5.3 
0.440 0.810 
0.4.80 16.4 0.865 4.9 
o. 520 0.920 
0.530 17. 5 0.935 4.7 
0.540 0.940 
I 
0.580 13.4 1.150 3.7 
0.620 1. 360 
o. 660 12.0 
o. 680 




TABLE XII I 
RATE OF RISE AT 55°C 
OCTA-0-P.fWPIONYL SUCROSE 
R "" 10. 67 X 10~ 3 5.07 X -3 2,61 X 10-3 em. R =- 10 em, R = em. 
h D.h/~t h /J.h/At h L\h/~t 
~4 -1 -4 -1 -l~ -1 em. !Q__ . .£~·-...?~~-· em. 10 em, sec. em. 10 em. sec, --- -~-- ------...... _ ... __ ...,., ,., .. , ___ --=r--·-...-. -- .. -"'! .... ~---~·-.. - ..... ~ •• - ........ --
0.030 0.200 o_._o_o_o 
0.150 175 O.AOO l~ 7. 6 0.200 43.1 
0.250 0.600 0.400 
0.400 62.!+ 0. 7.25 2l~. 7 0.525 18. 1 
0.550 0.850 0.650 
o. 775 40.2 0.925 19.4 o. 725 12.6 
1.000 1.000 o.soo 
1o100 2l~. 3 1.100 17.0 0.900 10.8 
1.200 1.200 1. 000 
1.300 19.8 1.300 13.5 1. 100 8.74 
1.4.00 1.400 1.200 
1. 500 16.0 1.500 12 .• 0 1.300 7.54 
1.600 1. 600 1.1+00 
1.700 13,lj. 1.700 9.7 1.500 6.38 
1.800 1.800 1. 600 
1.900 11.3 1. 900 8.9 1.700 5.64 
2QOOO 2,000 1. 800 
2.100 9.8 2. 100 7.9 1. 900 5.28 
2o200 2.200 2.000 
2.300 8.2 2.300 7.0 2.100 4. 53 
2 ._L}OO 2,lf00. 2.200 
2. 500 7.0 2. 500 6.1 2.300 4.26 
2o600 2. 600 2.400 
2. 750 5.7 2. 725 5.9 2. 500 3. 72 
2,900 2.850 2.600 
2.925 4.8 2.700 3.41 
3.000 2.800 
3.100 4.8 2.900 3. 18 
3.200 3.000 
3.300 lf. 2 3.100 2.98 
3.400 3.200 
3. 500 3.9 3.300 2.71 
3.600 3.t.oo 
3.700 3.8 3. 500 2. 54 
3.800 3.600 
3.900 3,2 3. 700 2.40 
4.000 3.800 
TABLE XIV 95 
RATE OF RISE AT 70°C 
OCTA~O-PROPIONYL SUCROSE: 
R "" 5.07 X 
-3 10 em. 
h 6h/Clt h 6h/At 
u4 . -1 I -1 em. .!2..~~-.~~-- em.,. 1.0-4 em• sec. --- __ .. ,.. ___ _ .... ..-_...,._.,..,..,._, ... _..._._.,._, __ ~-
0.730 o.t~so 
0.980 79.6 o. 700 100.l~ • z~· 0.950 
1.1+80 44.3 1.200 57.9 
1.730 1 ~ t~so 
1.930 35. 1 1. 675 39. 5 
2.130 1.900 
2.330 27.9 2.100 30.0 
2.530 2.300 
2.730 22.3 2. 500 24.7 
2.930 2.700 
3.130 17.3 2.900 19.8 
:3.330 3.100 
3.530 15. 6 3.300 16.6 
3. 7 30 3.500 
3.030 13.2 3.700 13.8 
4,. 130 3.900 
4.330 11. 1 4.100 11.7 
lr .• 530 lf. 300 
4.730 9.5 4. 500 iO.O 
4.930 4.700 
5.130 8. 1 4.900 8.5 
5.330 5.100 
5. 550 6.9 5.310 7. 1 
5. 770 5.520 






HATE OF RISE AT 85° C 
OCTA-0-PROPIONYL SUCROSE 
R = 5.07 X -3 10 em. 
h b.h/bt h l.:!.h /D.t 
.1.} -1 -4 -l em. 10 cr.1. sec. em, 10 em. sec. --- -·--.. - .... -..._...._ ____ --....... .........-
0~ 660 o. 790 
6-;-~-&:J r~-4-;-J -:-g-90 1~ 
1. 260 1. 1.90 
l.lr60 12l •• 6 1. 390 132.0 
1. 660 1. 590 
1.860 93.3 1. 790 98,8 
2.050 1. 990 
2. 260 75.2 2. 190 76.2 
2.l.60 2,390 
2.660 59.2 2. 590 63.4 
2.860 2. 790 
3.060 49.1 2.990 so. 1 
3. 260 3. 190 
3.lJ60 t.o. 9 3.390 42.6 
3.660 3. 590 
3.860 33.8 3.790 35.8 
l •• 060 3.990 
4~260 28.9 4. 190 30.2 
4.460 4.390 
4.660 24.4 4. 590 25.5 
~·. 860 4.790 
5.060 20.6 lf. 990 21.9 
5 • .?.60 5. 190 
5. ~~60 17.5 5.390 18.2 
5.660 5. 590 
.5:860 14.9 5.790 15.5 
6.060 5.990 




TABLE XVI 97 
RATE OF RISE AT 5°C 
p. s. u. 122 
R == 5,07 X 10-.3. em. R = -3 2.61 X 10 em. 
h Ah/~t h Ah/D.t 
10-6 ~1 -6 -1 em. crno sec. em. 10 em. sec. ---· -·-·-------- -- _,_ ______ 
6.170 0.080 
0.200 240.0 0 100 18_R._O 
o.;Do o. 120 
o. 260 161.4 o. 140 . 254.() 
o. 290 o. 160 
0.320 ll~3. 5 o. 1.80 144.8 
0.350 0.200 
0.360 137. 6 0.220 127.4 
0.370 0.240 
O.l~OO 118.5 0.260 107.4 
0Qlt30 o. 280 
0. L1.40 107.0 0.300 91.4 
0.450 0.330 
o. 520 92.3 o. 360 72.8 
. o. 590 o;39o 
o. 600 79.6 0.440 61.9 
0.610 0.490 
0.660 71.0 o. 520 51.0 
0.710 o. 550 
O. 7l•O 63.7 o. 580 46. 7 
0.770 0.610 
0.820 56.3 0.620 40.3 
0.870 0.630 
0.910 t..9. 9 0.660 38. 2. 
0.950 0.690 
0.980 4.8. 2 0.700 36.3 
1.010 o. 710 
1. 020 46.1 o. 760 34.1 
1.030 0.810 
. 0.820" 31.4 
. o. 830 ---
TABLE XVII 
98 
RATE OF RISE AT l0°C 
P.s.u. 122 
R = 10. 67 X 10-J em. R = 5. 07 -3 X 10 em. R = 2.61 "3 X 10 ern. 
h Ah/L\t h Ah/b.t h ~h/~t 
-5 -1 -5 -1 -5 ., 1 em. .!_Q._ __ CJ~~-~-- em. 10 em. sec. em. lO em. sec. --- ---- ~---··--:-··--·-~-... ·--· ~·--'· .... _ ...... - ... ~"':""'---:~-......... ~·-'"----
o. 100 o. 135 o_._ts_o 
o~·T5o 118.0 o. 160 60.9 o. 200 30.6 
0.200 0.195 0,220 
0.250 77. 1 0.210 58.3 0.240 26.0 
0.300 0.225 o. 260 
0.330 61.4 0.250 44.0 0.280 22.5 
0.360 0.275 0.300 
0.460 4l~. 0 0.300 39.9 0.320 19.4 
o. 560 0.325 0. 3l;O 
o. 580 33.9 0.350 34.6 0.380 16.0 
0.600 0.375 OJ;20 
0.670 27.9 0.390 31.8 0.440 13.4 t E 
0. 7Lf0 0. LfO 5 0.[;60 ~ 
0.820 19 .L; 0.430 29.0 0.480 . 12.6 ~ 
0.900 0.455' o. 500 
0.960 18.0 O.l;80 24.8 o. 530 11. 0 
1. 020 o. 505 o. 560 
1. 110 14.2 o. 540 22.3 o. 580 10.4 
1.200 0.575 0.600 
1..260 12.6 o. 600 19.5 o. 660 9.3 
1.320 o. 625 o. 720 
1.410 10.6 o. 660 18. 5 o. 740 8. 1 
1. 500 o. 695 o. 760 
1. 625 9.5 o. 720 16.7 0.780 7.5 
1. 650 0.745 0.800 I 1.780 8/2 o. 780 14. 5 0.820 7. 3 1.910 0.815 0.840 I 0.840 14.2 0.890 6.7 
0.865 o. 9lf0 
0.920 12.6 o. 960 6. 1 
0·. 97 5 0.980 
-
1.000 11. 5 1. 050 5.8 --· 
1.025 1. 120 ~ 
1. 110 11.6 l. 230 4.7 ~ 
1. 19 5 1.%0 [ 






R = 10.67 X 10-3 em. 
h tJ,.h/At 
-l; . -1 






















5.080 12. 1 
5.180 
TABLE XVIII 
RATE OF RISE AT CYJ°C 
P.s.u. 122 
R = -3 5.07 X 10 em. 
h b.h//:::,t 
-4 . -1 
em. 10 em. sec. ------·-···-
o. 550 














l~. 050 53.3 
4.250 
4. 1+50 46. 1 
4. 650 










6. 850 22.0 
7. 050 




2. -3 6. 1 X 10 em. 
h i:J.h/6.t 
-4 -1 
em. 10 em. sec. 
0.790 
J.. Ol~O 158.1 
1.290 
1. %0 . 99.8 
1.790 




3. Ol}O '47 .o 
3.290 




4. 190 31. 5 
4.390 










RATE OF RISE AT 30°C 
POLYSTYRENE IN TOLUENE 
3 (4 gm./100 em. ) 
R = 10 •. 67 X -3 10 em. 
h 6h/D.t h 6h/~t 
-4 -1 -4 -1 em. 10 em. sec. em. 10 em. sec. --- ---
3.100 3.~0D 
3.200 69. ~~ 3. 500 49.4 
3.300 3.600 
3.400 57 e 5 3.700 41.0 
3.500 3.800 
3.600 48.1 3~900 35.3 
3. 700 4.000 
3.800 40.3 4.100 29.2 
3,900 4.200 
4.000 32.7 4.300 23.8 !.,. 100 4.400 
4-. 200 27.3 4. 500 18.0 
l+. 300 4. 600 
t!-. t.c}O 21. 1 4. 700 14.8 
4. 500 4.800 
1+. 600 16. 1 4.900 10.2 
tJ .• 700 5.000 
L: .• 800 12.0 5.050 . 7. 1 
4.900 5.100 
1.: •• 950 8.7 5.150 5.4 
5.000 5.200 
5.050 '7. 2 5.250 3.5 
5.100 5.300 
































RATE OF RISE AT 30°C 
POLYSTYRENE IN DF.CALIN 
3 (4 gm./100 em. ) 
6.h//J.t h L1h/~t 
-3 -1 -3 10 em. sec. em. 10 em. sec. -1 - --------
0.480 
42.25 o. 780 36.35 
1.080 
20.27 1. 380 18.92 
1.680 
13.60 1. 880 12. 54 
2.080 
10.02 2.280 9. 50 
2.480 
7.88 2.680 7. 28· i 
2.880 
5. 97 3.080 5.65 
3. 280 
4.66 3.480 4.36 
3.680 
3070 3.880 3.36 
4.080 
2.76 4.280 2.48 
4.480 





~ .L~-h)/h lo 1:i ~h,., -h) /h 
0.500 42.9 1.633 
0.750 28.2 1. 450 
1.000 20.9 1.320 
l. 250 16. 5 1.218 
1. 500 n. 6 1.134 
1. 7 50 11. 5 1.061 
2.000 9. 96 0.998 
2.250 8.55 0.932 
2.500 7.76 0.890 
TP.BLE X~<I 
VISCOHETR.IC PARAHETERS .t::..T 5°C 
OCTA-0-NETHYL SUCROSE 
-3 R ~ 2.61 X 10 em. 
h
00 
= 21.910 em. 
f = 1. 248 gm. em. -3 
dh/dt 










tP+b) /R] (dh/dt) 























em. (!k-h) /h. log (~-h)/h 
l. 7 50 5.14 o. 711 
2.000 4.37 0.641 
2.250 3.78 o. 576 
2.500 3.30 o. 519 
2.750 2. 91 0. 46l~ 
3.000 2. 58 0.412 
3.250 2.31 o. 364 
3. 500 2.07 0.316 
3.750 1.87 0.272 
4.000 1. 69 0.228 
4. 250 1.?3 0.185 
TABLE XXII 
VISCc:>iETRIC PAR:~J1ETERS AT 20°C 
OCTA-0-1>1E1HYL SUCROSE 
') 
R = 5.07 X lO"J em. 
h~ =- 10.750 em. 
f= 
dh/dt 
-3 1.227 gm. em. 
. -5 









59. 1 -3.228 
53.2 -3.274 
47.8 -3.321 
t<3+b) /~ (dh/dt) ~pgR \_(h,_-h) /hj 
-2 -1 -2 




ll. 5 100 
s17. 6 10. 1 
716.0 8.87 




6.31 S2. 2 
v6 5.70 
12.0 5. 15 
4.66 37.7 ,__. 
0 c..u 
h 
em. (h.,-h) /h log ("b-·h) /h 
2.500 3.15 0.498 
3.000 2.L~6 o. 391 
3. 500 i.97 0.295 
4.000 L 59 0.201 
4. 500 1. 31 o. 117 
5.000 1.08 0.033 
5.500 0.387 .. o. 052 
6.000 0.730 -0.137 
6.500 0.597 -0.224 
TABi.E XXIII 
VISCOl>'lETRIC PARA'I,fETERS AT 40°C 
OCTA-0-METHYL SUCROSE 
• ..3 R .. 5.07 X 10 em. 
h..., = 10. 380 em. 
f = 1. 19i gm. -3 c~n. 
dh/ dtr 
-4 ·1 10 cm.sec. leg (dh/dt) 
74.3 .. 2.129 
58.8 -2.231 







\:O+b) !RJ] ( dh/ dt) 













~f.gR [(Q._ -h) /h] 














VISCOMETlUC PARAHETERS AT 40°C 
OCTA-0-~ffi?.~YL SUCROSE 
,. " 1 -3 ·R = 2.o1 X ~o em. 
h
00
= 20.150 em. 
f.~ 1.197·gm. em. -3 
h dh/dt l<3+b}/i] (dh/dt) ~pgR L(h.,.,-h) ;q 
em. ~-h)/h log (h..,-h) /h 
-4 -1 log (dh/dt:) 
-1 _, -2 
10 em. sec. 10 sec. .. dynes em. 
1.500 12.4 1.094 78.8 -2.104 121 191 
2.000 9.07 0.958 57.8 -2.233 8~,6 136 
2.500 7.06 0.849 45.5 -2.342 6 • 7 108 
3.000 5. 72 o. 757 37.0 -2.432 56.7 87.7 
3.500 4. 76 o. 678 31.0 -2.509 7.5 73.0 
4.000 4.04 0.606 26.4 -2.578 410.5 61.9 
4.500 3.48 0.542 22.7 -2.644 53.4 314.8 
s.ooo 46.4 3.03 0.481 19.9 -2.701 10.5 
5.500 40.8 2.66 0.425 17.6 -2.755 r·o 
6.000 2.36 0.373 -2.804 36.2 15.7 ":4. 1 . 
I 





VISCOMETRIC PARAHETERS AT 60°C 
OCTA-0-METaYL SUCROSE 
-3 R = 2.61 X 10 em. 
h00 = 19.330 em. 
f = 1.168 gm~ em. -3 
h dh/dt \P+b) /R](dh/dt) ~pgR L01,o-h) /l1l 
em. (l:tm-h)/h leg (t1,o-h) /h . -4 -1 log (clh/dt) - I -L 
I -2 
10 em. sec. 10 s,ec. ~nes em. 
I 
2.000 8.66 0.9~8 182 -1.740 27.9 12.8 
I 
2. 500 6.73 0.828 143 -1.845 21.9 10.1 
I 
3.000 5.44 0.736 116 -1.936 17.f 8.12 
3.500 4. 52 0.655 9,6 -2.018 l4.r . 6.76 
It;:.. 
4.000 3.83 0.583 80 -2.097 12.r s. 72 
4.500 3.30 0.519 70 -2.154 10.17 4.93 
5.000 2.87 0.458 61 -2.215 9. r~ '·I;.. 29 
5.500 2.51 0.400 54 -2.268 s.r 3.75 
6oCOO 3.32 2.22 0.346 48 -2.319 7.14 
6o500 2.94 1. 97 . 0.295 42 -2.377 6-r 
7o000 1.76 0.246 37 -2.432 5.17 2.63 1--' 
0 
7.500 1.58 0.199 32 -2.495 4.t9 2.36 
a-
TAB;::.E XXVI 
VISCOMETRIC PARAHETERS AT 80°C 
OCTA-0-NETIIYL SUCROSE 





= 18.l;.Q0 em. 
, "4? -3 p = -· 1 - gm. em. 
h dh/dt 
J1 
~.3gR LOb.,-h) /h] l(3+b)/Rjj (dh/dt) 
(lb.,-h) /h log (Q.,.,-h) /h -4 -1 log (dh/dt) 10- I se~. - 1 I -2 em. 10 em. sec. --2.:lnes em. 
I 
3.000 5.13 o. 710 247 -1.607 3i[. 9 7.50 
3.500 6.22 4.26 0.629 207 -1.684 3 ]r· 7 
4.000 3.60 o. 556 176 -1.755 2J.o 5.26 
4.500 3.09 -1.813 4.51 0.490 154 2.t.6 
3. 91 5.000 2.68 0.428 135 -1.870 20.7 
I 
5. 500 2.35 0~371 120 -1.921 H
1
1.3 3.43 
6.000 2.07 0.316 106 -1.975 1J.2 3.02 
6. 500 1.83 o. 263 94 -2.027 2.67 11.4 
2.48 7.000 1.63 0.212 83 -2.081 12.7 
li:: 7.500 1.45 0.161 73 -2.137 2.12 
8.000 1.30 0.114 63 -2.200 1.90 I-' 
0 
-....:1 
11,11·1 lld·llliiJ'IIIRirrJil.II<Jij.ll;lllldl·l' 1.11~111111111111!11111J111lll.l 
h 
cmw (~<e:J1) /h log (h-c-h)/h 
0.100 47.8 1. 679 
0.200 23.4 1. 369 
0.300 15.3 1. 185 
0.400 11.2 1. 049 
o.soo 8.76 0.94.3 
0.600 7.13 0.853 
0,700 s. 97 o. 776 
0.800 5. 10 o. 708 
0.900 4.42 0.645 
1.000 3.88 o • .589 
1.200 3.06 0.486 
1.400 2.48 0.395 
1.600 2. 05 Oo3l2 
TABLE XXVII 
VISCO~fETRIC PARAHETERS AT 20°C (DRY) 
OCTA-0-PROP:::ONYL SUCROSE 
- 6-; ~ ... -.l R = 10. ' .< 1.0 em. 
h00 =' 4.880 Ci<1. 
1t:~ = 1. 236 gm. em. 
-3 
dh/dt fp+b)/R] (dh/dt) 
- -6 -1 10 em. sec. log (dh/dt)" -4 J -1 10 .~ec. 
88.0 -4.055 
58.5 -4.233 
41.2 -4.385 li 30.3 -4.519 11~ 
23.7 -4.625 8,.8 
19.9 -4.701 74-.6 
6J:.o 17. 1 -4.767 
+4 15.0 -4.824 
13.2 -4.879 4l9 
ll.8 -4.928 4l8 
9.7 -5.013 351.2 
8.1 -5.091 
2l4 
























VISCOHETRIC PAfu\.NETERS AT 20°C (PRE-~'Il'ETTED) 
OCTA-0-PROPIO~~L SUCROSE 
- 1n ,_ x ·o-3 R = v.oi ' em. 
hoa = 4. 880 em • 
... ,~r -3 p = t.~~o gm. em. 
dh/dt 
(~-h)/h log (1--~:,:-h) /h -6 -1 log (jdh/dt) 10 ern. sec. 
47.8 1.679 126.5 
--T 
-3.8r8 
23.4 1..369 64.2 -4. W2 
15.3 1. 185 43.0 -4.3166 
11.2 1.049 31.3 -4.504 





em. (lb.,-h)/h leg (l--~-h)/h 
0.100 102 2.007 
0.200 50.3 1.702 
0.300 33.2 1.521 
0.400 24.7 1.393 
0.500 19.5 1.290 
0.600 16.1 1. 207 
0.700 13.7 l.l3i 
0.800 11.8 1.072 
1.000 9.27 0.967 
1.200 7.56 0.879 
1.400 6.34 0.802 
TABLE XXIX 
VISCOHETRIC P.A':~A.'lETERS AT 20°C 
OCTA-0-PROPIO~YL SUCROSE 
10-6 
t: 7 . -3 R = J.O X 10 
hoO = 10. 270 em. 
em. 
-3 p= 1.236 gm. em. 
dh/dt 
-1 em. sec. log (dh/dt) 
t(3+b)/~] (dh/dt) 
-41 -1 10 sec. 
JzpgR L(h~-h) /h] 
-2 dynes em. 
/_ 
h 
em. <tw-h) /h log (b90-h) /h 
0.200 98.7 1.994 
0.300 65.5 1. 816 
0.400 48.8 1. 688 
o.soo 38.9 1. 590 
0.600 32.2 1.503 
o. 700 27. 5 1.439 
0.800 23.9 1.378 
0.900 21. 1 1.324 
1.000 18.9 1. 277 
1.100 17. 1 1.233 
1.200 15.6 1.193 
TABLE XXX 
VISCOHET.RIC PAR/-;1'-!ETERS AT 20°C 
OCTA-0-PROPIO~YL SUCROSE 
10-6 
R = 2.61 X 10-3 em. 
h
00
= 19.940 em. 



























t(3+b) 't1 ( dh/ dt) !zpgR L01,o-h) lh} 
















em. .... ,., h)/' \•t>=>-· n log ('Q><>-h)/h 
0.200 21. 1 1.324 
0.400 10.1 1.004 
0.;600 6.37 0.804 
1.000 ') '. ') _.. '-',- ~~ o. 534 
1.400 2.16 0.335 
1.800 1.46 0.164 
2.200 1. 01 -0.004 
2.600 0.700 -0. 15.5 
3.000 0.473 -0 .. 325 
3.400 0.300 -0~523 
,p,r 11 •lid lmlllliRimll-llfl~:rr~llrr.:.r r.r. r.rrnL-IIidliiiLHJIDI••a"nrr 
TABLE XXXI 




· R = 10.67 X 10-~ em. 
~ = 4.420 em. 
1 18" . -3 f = .... J gm. em. 
dh/dt 
-1 









4.2 -3. 37i 
3.0 -3.523 
~3+b) /Fr·J (dh/dt) 






















em. (~-h)/h ........,. ____ l_()g (bt,o·h) /h 
1.200 6.75 0.829 
1.400 5. 67 0.754 
1.600 4.82 0.683 
1.800 4.17 o. 620 
2.000 3.66 0~564 
2.200 3.23 o. 509 
2.400 2.88 0.459 
2.600 2.58 0.412 
3.000 2.10 0.322 
3.400 1.73 0.238 
3.800 1.45 0.161 
Tl•.BLE XXXII 
VISCOMETRIC PARAMETERS AT 55°C 
OCTA-0-PROPIONYL SUCROSE 
10-5 
R = 5.07 X 10-3 
h
00 
= 9.310 em. 
-3 p = 1.183 gm. c~. 
dh/dt 














ogR ((h<><>-h) /h] 


















VISCCHETRIC PAMHETERS AT 55°C 
OCTA-0-PROPIOf..'YL SUCROSE 
R 2 - 1 '" • o-3 = • b ...._ 1 em. 
h~>" == 18.010 em. 
p = 1.183 gm. em. -3 
I 
h dh/dt ~(3+b) /P~ (dh/ dt) !zf gR l_(b~-h) /h] 
(1),-h)/h log (ll,g..oh) /h 
-4 _i 
log (dh/dt) -2 -1 
. -2 
em. 10 em. sec. ~ 10 sec. dynes em. 
0.600 29.0 1.462 15.68 -2.804 237 43.9 
0.800 21.5 1.332 11.80 -2.928 179 32.5 
LOOO 17.0 1.230 9.39 -3.028 142 25.7 
1.200 14.0 1. ll;.6 7. 91 -3.102 120 21.2 
1.400 11.9 1. 076 6.81 -3.167 103 18.0 
1.600 10.3 1.013 5.98 -3.223 91 15.6 . 
2.000 8.00 0~903 4. 71 -3.327 71 12. 1 
2.400 6.50 0.813 3.88 -3.411 59 9.8 
2.800 5. L;3 0.735 3.30 -3.481 50 8.2 
3.200 4.63 0.666 2.85 -3.545 43 7 .o 
3.600 4.00 o. 602 2.50 -3.602 38 6. 1 
33 5.3 
1-' 
4.000 3.50 o. 544 2.20 -3.658 1-' >+:>.. 
h 
err.. <r·~:e-h) /h log (11....-·h) /h 
1.000 7. 96 o. 901 
l. 500 4.97 0.696 
2.000 3.48 o. 542 
2.500 2. 58 0.412 
3.000 1.99 0.299 
30 500 1. 56 0.193 
4.000 l. 24 0,.093 
4o500 0.991 -0.004 
s.ooo 0.792 -0. 101 
5.500 o. 629 -0.201 
6.000 0.493 -0.307 
TABLE XXXIV 
VISCOHETRIC Pti.Rf~i-:lETERS AT 70°C 
OCTA-0-PRO?IO~YL SUCROSE 
- v 1 -3 R = J,.07 A ~0 em. 
h"" = 8. 960 em. 

















\_(3+b~ ~R1 (dh~~t) ~pgR \:,0-l:.o-h) /hl 
j -2 ~ 
10 sec. . dy~es em. 
;16. 2 23.0 
315. 1 14.3 
215.3 10.0 
119. 5 7.44 
115. 1 5.74 
112.0 4. 50 









VISCOf·:ETRIC P.ll.RAHE'I'ERS AT 85°C 
OCTA-0-PROPIO~~L SUCROSE 
R - 07 X ·o··3 ::: Jo < 1 em. 
hQQ = 8. 740 em. 
' 1 '),. -3 f = .:. • _,o gm. em. 
h dh/ c!t 
em. (~-h)/h log (1 .. 00 -h)/h 
-4 -1 10 em. sec. log (dh/dt) 
1.500 4.83 0.684 118.7 -1.926 
2.000 3.37 0.528 86.0 -2.066 
2.500 2.50 0.398 64.7 -2.189 
3.000 1. 91 o. 281 50.4 -2.298 
3.500 1.50 o. 176 40.0 -2.398 
4.000 1. 19 0.076 32.3 -2.491 
4. 500 0.943 -0.026 26.2 -2. 582 
5~000 o. 743 -0. 126 21. 6 -2.666 
5.500 0.589 -0.,230 17.5 -2.757 





























CI"T~ L.j. -- (~-h)/h log (lf.o-h) /h 
0.250 54.4 1. 736 
0.300 45.2 1.655 
o. 350 38.3 1. 583 
0.400 33.6 1. 526 
o. 500 26.7 1.427 
0.600 22. 1 1.344 
0.700 18.8 1.274 
0.800 16.3 1.212 
0.900 14.4 1. 158 
l.oo·o 12.9 1. 111 
TAB:::..E XXXVI 
VISCOMETRIC PARAJ.'1ETERS AT 5°C 
P.s.u. 122 
~ 
R = 5.07 X 10-J em. 
h = 13. 8 SO c m. 
00 -3 
t:J ~ 0 C·/,t>_Q om c m I. - • 7-rvu 0 1 • • 
dh/dt 
-6 _1 . 
10 em. sec. 4 log (d~/dt) 
163.3 -3.787 
14 7. 5 -3.831 
132.2 -3.878 
118.2 -3.927 






\.(3+b) /Rll (dh/ dt) 









\ogR to--:,o-h) ihl 












erne (0.£-h)/h log (9:-o-h)/h 
0.200 133.5 2.126 
0.300 88.7 1.948 
0.400 66.2 1.821 
0.500 52.8 1.723 
o. 600 43.8 1. 642 
0.700 37.4 1.573 




VISCOHETRIC PATt-\METERS AT 5°C 
P.s.u. 122 
.. 
R ~ 1:.1 x ·o-3 = L.o · 1 em. 
hao = 26.890 em. 




-6 .. ~· 




































VISCCHETRIC PARAM.ETERS AT 10°C 
P.S,U. 122 
R = 10.67 X 10-3 em. 
hao = 6.4-50 em. 
f = 0. 9376 gm. em. -3 
h dh/dt \_(3+b)/RJi {dh/dt) ~fgRl(~-h) /h] 
U1""-hJ/t', log (h,;,-h) /h 
-5 -1 log (dh/dt) -3 I -1 
. . -2 
em, ·10 em$ sec. 10 ~ec. dynes em. 
0.400 15.1 1• 180 49.3 -3.307 18~ 74.2 
o. 600 9.75 0.989 -3.502 47.8 31.5 l:la 0.800 7.06 0.849 22.1 -3.656 34.6" 
1.000 5.45 0.736 i7. 0 -3.770 631.7 26.7 
1.100 4.86 o. 687 15.3 -3.815 Sl4 23.8 
1.200 4.37 o. 641 13.5 -3.870 sci. 6 21.4 
1.300 3. 96 o. 597 12.3 -3.910 4€>.1 19.4 
4,.4 1.400 3.61 o. 558 11.3 -3.947 17.7 
1.500 3.30 16.2 0.519 10.4 -3.983 3r 
1.600 3.03 0.481 9.6 -4.018 14.9 3 r·o 




1.800 2. 58 0.412 8.0 -4.097 12.6 
'-0 
TABLE XXXIX 
VISCOMETRIC PARA~ETERS AT 10°C 
P.s.u. 122 
R = 5.07 X 10-3 em. 
hon = 13. 580 em. 
f = 0. 9376 gm. em. -3 
h dh/dt 
(h.-.,-::!-).) /h~ log (i}...-h) /h -5 -1 log (dh/dt) em. 10 em. sec. 
~fgR \:,(1'-~,o-h) /h] 
d -2 ynes em. 
l(3+b) /Fr'•J (dh/dt) 
-3 -1 10 sec. 
0.200 66~9 1.825 53.5 -3.272 
0.300 44.3 1.646 39.9 -3.399 
0.400 33.0 1.519 30.7 -3. 513 
Oo 500 26.2 1.418 24.5 -3.611 
0.600 21. 6 1.335 20.0 -3.699 
0.700 18.4 1.265 16~9 -3.772 
o.soo 16.0 1.204 14.7 -3.833 
OQ900 14. 1 1.149 12.9 -3.889 
1.000 12.6 1.100 ll. 5 -3.939 
1.100 11.3 1.053 10.2 -3.991 
1.200 10.3 1.013 9.1 -4.04.1 












I ·,79 26.3 







VISCOMETRIC PA~~AMETERS AT 10°C 
P.s.u. 122 
,.., ~. ,, -3 
R = L.oi A 10 em. 
~ = 26. 380 em. 
f = 0.9376 gm. em. -3 
h dh/dt 
. !, 
~1agR \.(ib,.-h) /h] tC3+b) /Rij(dh/ dt) 
(q.o-h) /h log (1:"-...,.-h) /h -5 -1 log (dh/dt) . -3 -1 -2 em. 10 em. sec. 10 ,sec. · dynes em. 
0.200 131 2.117 30.6 -3. 514 46~) 156 
3lf 0.300 86.9 1o939 20.6 -3.686 104 
0.400 64.9 1.812 15.3 -3.815 77.8 23l 
0.500 51.7 1. 714 12.0 -3.921 18t+ 62.0 
I 
0.600 51.6 43.0 1.634 10.1 -3.996 iSS 
0~ 700 8.6 
I 
36.7 1. 565 -4.065 13:2 44.0 
I 
0.800 32.0 1. 505 7.6 -4. 119 llr 38.4 
Oo90Q 28.3 1.452 6.8 -4. 167 101+ 33.9 
1.000 25.4 1.405 5. 9 -4.229 90 30.5 
1.100 23.0 1.362 s. 3 -4.276 81 27.6 




1.400 17.8 1.250 4.1 -4.387 21.3 
1-' 
h 
em. i!k~h)/h ~(Q,.,-h)/h 
1.500 2.92 0.465 
2.000 L94 0.288 
2.500 18 35 0.130 
3.000 0.960 -0.018 
3.5CO o. 680 -0. 168 
4.000 o. L~7o -0.328 
4. 500 0.307 -0. 513 
5.000 Ool76 -0.755 
TABLE XLI 
VISCOMETRIC PA~AMETERS AT 60°C 
P.s.u. 122 
10-4 
-3 R = 10.67 X 10 em. 
h;:p = 5. 880 em. 
f = o. 9067 g:n. em. -3 
dh/dt 





















\o8R LC~-h) /h] 














VISCOHETIUC PARAMETERS AT 60°C 
P.s.u. 122 
~ 
R = 5.07 X 10-.l 
h
00 
"" 12.380 em. 
o3 f ~ 0.9067 gm. em. 
h clh I dt \_(3+b)/!RJ(dh/dt) ~fgR l(h.,...-h) /h] 
(h,o-h_)[h 1_() g (1->,..,-h) /h -4 -1 log (dh/dt) I -1 -2 em. 10 em. sec. s:ec. dynes em. 
11.38 
r 
25.6 1.000 1.056 231 -1.636 ur.o 
16.3 1. 500 7.25 0.860 159 -1.799 1'') 4 r 
ll. 7 2.000 5.19 0.715 120 -1.921 ~~ .4 
I 
2.500 3.95 o. 597 94 -2.027 7.3 8.9 
I_ 
3~000 3. 13 0.496 76 7.1 -2.119 J). 9 
t·9 3.500 2.54 0.405 63 -2.201 5.7 
4~ 7 4.000 2.09 0.320 53 -2.276 t·1 
4. 500 1. 7 5 0.243 45 -2.347 r·s 3.9 
5.000 1.48 0.170 39 -2.409 ~~. 0 3.3 
I 
s. 500 l. 25 0.097 34 -2.468 '') 7 2.8 r 
6.000 1.06 0.025 29 -2.538 '•) 3 2.4 ..._. r N CJ,J 
7.000 o. 769 -0.114 22 . -2.658 :.l. 7 1. 7 
TABLE XLIII 
VISCOMETRIC PARAHETERS AT 60°C 
P 0 SoU. 1.22 
-3 R = 2.61 X 10 em. 
ho.:> = 24.030 em. 
f = 0.9067 gm. em. -3 
h dh/dt \.(3+b) )[&1 (~~: dt) ~pgR\_(~-h) /h] 
(~L/h log (l'h,-h) /h 
-4 -1 log (dh/dt) 
. .. -2 
em. 10 em. sec. ~~~ec. .aynes em. 
1.000 23.0 1.:?62 161 -1.793 I 24 .• 8 25.5 
1.500 15c0 1. 176 104 -1.983 17.4 
2.000 11.0 1.041 77 -2. 113 12.8 
2. 500 8. 62 0.936 59 -2.229 r 10.0 3.000 7.02 0.346 47 -2.328 I. 2 8.1 
3.500 50 87 o. 769 40 -2.398 6.8 61.2 
5.8 4QOOO s.o 1 0.700 34 -2.468 
l2 
4. 500 4. 34 o. 638 30 -2.523 5.0 
F 5.000 3. 81 o. 581 26 -2.585 4.4 5.500 3.37 o. 528 23 -2.638 3o9 31. 5 
6.000 .JoOO 0.477 20 -2.699 3. 5 3,. l I-' 
N ..,... 
11;1 r.r .rr,r 111111111Rimn .. nr,~:rr,r·•rr.d r r, r "'"'-"'"a"m"" 
TABLE XLIV 
VISCOMETRIC PARAMETERS AT 30°C 
POLYS'i'YRENE IN TOLUENE 
(4 gm. i:OO em., 3) 
.., 
-.) 
R = 10.67 X 10 em. 
h00 = 5. 580 em. 
p = 0.848 gm. em. -3 
I 
h dh/dt t<3+b) 11~a (dh/dt) !z.f gR \.Ob., -h) /h] 
C~:.o-h) /h Iog (!J..,-h) /h 
-4 -~ log (dh/dt) I -1 -2 em. 10 em. sec. ~ se
1
c. dynes em. 
3eOOQ 0.860 -0.066 80.0 -2.097 3+ 3.82 
3.200 0.744 -0.128 67 .• 5 -2.171 2.t2 3.30 
3.400 o. 642 -0.193 56.7 -2.246 2.tl 2.85 
3.600 o. 550 -0.260 46.9 -2.329 l. :32 2.44 
1.154 3.800 0.471 -0.327 39.6 -2.402 2.09 
4.000 o. 395 -0.403 32.6 -2.487 1 i27 1. 7 5 .I 
4.200 o. 329 -0.483 ~- 46 26.4 -2. 578 1.103 
4.400 0.268 -Oe 572 20.9 -2.680 o.ln l. 19 
4. 600 0.213 -0.672 16. 1 -2.793 o. 95 0.1626 






,J,I II -.Ill ~1111WIIT1ll::llr:n.ll:llll n-r, ,,,, _____ ,,, 
h 
em. I _(_~-h)/h log (Q,.,-h) /h 
1.00~ 5.08 o. 706 
' i 
1.500 3. 05 Oo484 
i 
2.oo6 2.04 0.310 
I 
! 
2.500 1.43 0.155 
3.000 1.03 0.013 
! 
3.500 0.737 -0.133 
! 
4.000 0.520 -0.284 
4.500 0.351 -0.455 
I i. 
5.000 0.216 -0.666 
.. 
TABLE XLV 
VISCOMETRIC PARAHETERS AT 30°C 
.. POLYSTYRENE IN DECALIN 
(4 gm./100 cm. 3) 
. ~7 -3 R = 10.o ·X 10 em. 
~ = 6.080 em. 
f = 0. 911 gm. -3 em. 
dh/dt 
-3 -1 10 em. sec. log (dh/dt) 
26. 1 -1. 583 
17.2 -1.765 




3. 1 -2.509 
2.1 -2.6i8 












~fgR t(~ -h) /h] 
-2 
dynes em. 
22.7 
13.6 
9.10 
6.38 
4.60 
3.29 
2.32 
1.57 
0~96 
1-' 
N 
a-
